Phospholipid fatty acyl chain asymmetry in the membrane bilayer of isolated skeletal muscle sarcoplasmic reticulum.
We previously showed [Herbette, L. G., Blasie, J. K., DeFoor, P., Fleischer, S., Bick, R. J., Van Winkle, W. B., Tate, C. A., & Entman, M. L. (1984) Arch. Biochem. Biophys. 234, 235-242; Herbette, L. G., DeFoor, P., Fleischer, S., Pascolini, D., Scarpa, A., & Blasie, J. K. (1985) Biochim. Biophys. Acta 817, 103-122] that the phospholipid head-group distribution in the membrane bilayer of isolated sarcoplasmic reticulum is asymmetric. From these studies, both the total number of phospholipid head groups and the total lipid, as well as the head-group species for these lipids, were found to be different for each monolayer of the membrane bilayer. In this paper, we demonstrate for the first time that there is significant asymmetry in the distribution of unsaturated fatty acids between the two monolayers; i.e., the outer monolayer of the sarcoplasmic reticulum contained more unsaturated and polyunsaturated chains when compared to the inner monolayer. X-ray diffraction measurements demonstrated that the time-averaged fatty acyl chain extension for the outer monolayer was approximately 20% less than for the inner monolayer. This is consistent with the concept that the greater degree of unsaturation in the outer monolayer may provide for a decreased average fatty acyl chain extension for that layer. This architecture for the bilayer may be related to both the "resting" state mass distribution of the calcium pump protein within the membrane bilayer and possible "conformational" states of the calcium pump protein during calcium transport by the sarcoplasmic reticulum.